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(54) LEVEL SHIFTER 

(57)Abstract: 

PURPOSE: To eliminate the through current in a level shift mode and to reduce the 
power consumption for a level shifter by connecting a transistor TR to the 1 st and 
2nd TRs constructing a latch circuit for an input binary signal in order to prevent the 

current flow in a signal change mode. 

CONSTITUTION: The TR PIPI'NI and NV construct a latch circuit which latches the 
input signal level. The TR P2 and P2' are connected to the TR PI and PT 
respectively to prevent the flow of a large through current that is caused in a level 
shift mode. Therefore a large current never flows even when the input logical level 
changes and the ON/OFF states of the TR P1 and PT change. Thus the power 
consumption of a circuit is reduced. Furthermore the TR P3 and P3' are connected in 
parallel to the series connection of TR PI and P2 and the series connection of TR 
PI' and P2' respectively. Thus the TR P3 and P3* are turned on in a level change 
mode. As a resultthe potentials can be changed in a short time at the connection 
points (a) and (b). 



CLAIMS 



[Claim(s)] 

[Claim 1]The 1st P type transistor and the 1st N type transistor by which the series 
connection was carried out to a power supply between groundsThe 2nd P type 
transistor and the 2nd N type transistor by which the series connection was carried 
out to said power supply between groundsA path cord which connects a node (a) of 



said 1st P type transistor and said 1st N type transistor to a gate of said 2nd P type 
transistorand a gate of said 2nd N type transistorA path cord which connects a node 
(b) of said 2nd P type transistor and said 2nd N type transistor to a gate of said 1 st P 
type transistorand a gate of said 1st N type transistorThe 3rd transistor by which it 
was connected between said node (a) and a groundand the gate was connected to an 
input terminalln a level shifter which it is connected between said node (b) and a 
groundand the gate is provided with the 4th transistor connected to an inverted 
output of an inputand took out an output signal from said node (b)While connecting to 
said 1st and 2nd P type transistor the 5th and 6th transistors that prevent big 
penetration current at the time of a level variation to seriesrespectivelya series 
connection of this 1 st P type transistor and the 5th transistorAnd a level shifter 
which connects the 7th and 8th small transistors of drive capability to a series 
connection of this 2nd P type transistor and the 6th transistor in 
parallelrespectivelyand is characterized by things. 

[Claim 2]A level shifter giving resistance to said 7th and 8th transistors in the level 
shifter according to claim 1 respectively. 

[Claim 3]A level shifter losing said 7th and 8th transistors in the level shifter 
according to claim 1. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention relates to the level shifter (logical level 
conversion circuit) used when connecting LSI (large scale integration circuit) of a 
different logical level. 
[0002] 

[Description of the Prior Art]In recent yearslow-electric-power-ization of LSI is 
progressing quicklyand as it was called 5V (bolt) to 3.3V->2.5V->1.5VLSI with low 
power supply voltage is developed. 

[0003]The demand over the level shifter for connecting LSI of a different logical level 
in such a situation is increasing increasingly. 

[0004]For exampleto use the logical level of a high level of 12 - 18V pp like a flash 
memoryin order to change and obtain this from the logical level of 1.5V~3.3Vbig 
conversion of a level difference is required. 

[0005]The circuit as conventionally shown in drawing 5 as this kind of a level shifter is 
used. 2 level signals which change between 0 and Vcc (for example3V) of V^c 
electrical power system input into the input terminal 501 of the figureand the output 
changed into 2 level signals which change between 0 and Vpp (for example18V) of Vpp 
electrical power system appears in the output 502. 



[0006]It is for 503 being an inverterreversing an input signal and giving the inversion 
signal of an input to the gate of the transistor N2. 

[0007]The transistor and the transistor N2 which constitute the latch circuitry where 
the transistor PIPVNIand NV incorporate an input signal leveland N2* are the 
transistors for a drive. 

[0008]As for the transistor PI one end (sauce or drain) is connected to bias-power- 
supply Vppthe other end is connected to one end of the transistor Niand the other 
end of the transistor N1 is grounded as shown in the figure. Similarlybetween power 
supply Vpp and a ground of transistor PV and NVit is connected in seriesthose nodes 
3 and transistors PI and the gate of N1 are connectedand the node 2 of the 
transistors PI and N1 is connected with the gate of transistor PI' and NT. 
[0009]Operation of the circuit of drawing 5 is explained with reference to the wave 
form chart of drawing 6 . Supposing an input signal is VccmostlynowVcc is impressed to 
the gate of transistor N2'and since one [ the transistor ]the potential of the point 3 
serves as zeroand At this time. Since the potential of the point 3 is impressed to the 
gate of the transistors PI and Niand the potential of the point 2 serves as about V pp. 
[ both transistors ] 

[0010]In the time tlif an input signal changes to Otransistor N2' will be come by 
offand the transistor N2 will be turned on from this statebut the transistors P1 and 
N1 are still in an ON state. 

[001 1]Since the potential of the point 2 is compulsorily reduced by zero by the 
transistor N2 having been turned onthe current which flows into the transistors P1 
and N1 decreases. 

[001 2]It replaces with itsince the potential of the point 2 is impressed to the gate of 
transistor PV and Nl'the transistor begins to flowand the potential of the point 3 
rises. 

[0013]In the time t2the potential of the point 2 becomes zero and the transistors PI 
and N1 are come by off. On the other handtransistor PV and NV are turned onand 
the potential of the point 3 serves as Vpp. 

[0014]If an input signal becomes Vqc at the time t3transistor N2' tends to become 
one again and tends to reduce the potential of the point 3 to zero compulsorily. By 
thisthe current which flows into transistor PV and NV decreasesand the potential of 
the point 3 descends. 

[0015]It replaces with itthe current which flows into the transistors PI and N1 
increasesand the potential of the point 2 rises. In the time t4transistor PV and NV 
become completely offand the potential of the point 3 is set to 0. On the other 
handthe transistors PI and N1 serve as one thoroughlyand the potential of the point 
2 becomes Vpp. 

[001 6]The operation same about time t5 or later as having mentioned above about 
t1-t4 is repeated. Thereforewhen an input changes from 0 to Vccthe output which the 
potential of the point 2 changes to Vpp from Oand turns on and off the transistors 01 



and Q2and changes to the output 502 between 0 and Vpp is obtained. 
[0017] 

[Problem(s) to be Solved by the Invention]since the transistor N2 and N2* are the 
large transistors of drive capability in operation of the circuit mentioned above with 
reference to drawing S in order the node capacity is large and to secure the speed of 
charge — the channel width of the transistor PI and PI' — a certain grade — it 
must enlarge. 

[0018]For exampleconsidering the time of an input signal changing from Vqc to Othe 
potential of the point 1 changes from 0 to Vccand the transistor N2 flows (one) and 
reduces the potential of the point 2. Since the potential (near zero) from the point 3 
is impressed to the gate of P1 at this timeand big penetration current flows at the 
passage of a power supply Vpp-> transistor PI -> transistor N2 -> ground. [ P1 ] 
[0019]The time which potential descent of the point 2 takes for the current of PI 
becomes long. This fall time is expressed as during the time tl and t2 of drawing S and 
Between this fall timeBesides the current which the circuit of drawing 5 has in a 
transient (transient) stateand flows through the above-mentioned transistor PI and 
the transistor N2Since the current which flows through the transistor PI and the 
transistor Nland the current which flows through transistor PV and NV existed and 
big penetration current flowedthere was a problem which says that power 
consumption increases. 

[0020]In view of an above-mentioned pointthis invention abolishes the penetration 
current at the time of a level shiftand an object of this invention is to provide the 
level shifter of low power consumption. 
[0021] 

[Means for Solving the Problem]1st P type transistor P1' and 1st N type transistor 
NV by which the series connection of this invention was carried out to power supply 
Vpp between groundsThe 2nd P type transistor PI and the 2nd N type transistor N1 
by which the series connection was carried out to said power supply between 
groundsA path cord which connects a node (a) of said 1st P type transistor PI' and 
said 1st N type transistor NT to a gate of said 2nd P type transistor PI and a gate of 
said 2nd N type transistor N1 A path cord which connects a node (b) of said 2nd P 
type transistor PI and said 2nd N type transistor N1 to a gate of said 1st P type 
transistor PI 'and a gate of said 1st N type transistor N1'3rd transistor N2' by which it 
was connected between said node (a) and a groundand the gate was connected to the 
input terminal 101 301 401 In a level shifter which it is connected between said node (b) 
and a groundand the gate is provided with the 4th transistor N2 connected to an 
output of an inverting circuit of an inputand took out an output signal from said node 
(b)to said 1st and 2nd P type transistor PI' and PI respectively to series. While 
connecting the 5th and 6th transistor P2' that prevents big penetration current at the 
time of a level variationand P2A series connection of this 1st P type transistor PI' 
and 5th transistor P2'And a series connection of this 2nd P type transistor PI and 



the 6th transistor P2 is provided with the 7th and 8th small transistor P3' of drive 
capabilityand a level shifter which connects P3 in parallel and is characterized by 
thingsrespectively. 

[0022]As for a level shifter of this inventionit is preferred to connect resistance R2' 
and R2 to series said 7th and 8th transistor P3' and PSrespectivelyor to give 
resistance to P3' and P3. In a level shifter of this inventionit is preferred whether said 
7th and 8th transistors are made into a series connection of PMOS and that it loses. 
[0023] 

[Function]The level shifter of this inventionrespectively to 1 st and 2nd P type 
transistor PV and PI to series. Since the 5th and 6th transistor P2' and P2 are 
connected in order to prevent the big penetration current which flows into those 
transistors at the time of a level variationWhen an input logic level changes and 
transistor PV and the on-off state of PI changea high current does not flow and the 
circuit of low power consumption can be realized. 

[0024]Transistor P3' is connected in parallel with the series connection of transistor 
PV and P2The transistor P3 is connected in parallel with the series connection of 
the transistors P1 and P2and since he is trying the one [ this transistor ] at the time 
of a level variationthe above-mentioned node (a) or the potential of (b) can be 
changed from Vpp to 0 for a short time. 

[0025]The series connection of transistor PV and P2' and the series connection of 
the transistors PI and P2 can carry out the charge up of the above-mentioned node 
(a) or the potential of (b) from 0 to Vpp in a short timewhen both (for examplePV and 
P2') are turned onsince current drive capability is large. 
[0026] 

[Example]One example of this invention level shifter is explained with reference to 
drawing 1 and drawing 2 . 

[0027]In the circuit of the figurePI N1 N2PVNVN2'Q1and Q2 are the transistor 
mentioned above with reference to drawing S and the same transistor. 
[0028]In the circuit of drawing 1t he newly added circuit part is delay-element D* 
connected to the transistor P3P3' and the delay element D connected with the 
transistor P2 at the gatetransistor P2'and its gate. The circuit of drawing 1 is made 
with an integrated circuit. 

[0029]In that casethe resistance Ran inverterthe P-channel MOS transistoretc. can 
be used as a delay element. W/L (howeverW channel width and L channel length) of 
the transistor P3 and P3* is small chosen here compared with W/L of other 
transistors P1P2PVand P2'. 

[0030]Thereforesince gate capacitance is smallthe transistor P3 and P3' have the 
work which is saturated for a short time and drops voltage to 0 from Vpp for a short 
time. 

[0031]Nextoperation of the circuit of drawing 1 is explained with reference to drawing 
2. In the time tlif an input changes from Vqc to Otransistor N2' will be come by offand 



since the transistor N2 changes the potential of the point 1 to Vqc from Oit serves as 
one. 

[0032]When the transistor N2 was turned onit is going to lower the potential of the 
point 2 to 0 from Vpp. One [ the gate voltage of the transistor PI is Oand / the 
transistor ] since the potential of the point 4 is still in 0 at this time. Since the gate 
potential of the transistor P2 has still stopped with Vppthe transistor is off. 
[0033]Thereforecurrent does not flow into the series circuit of the large transistors 
PI and P2 of current drive capability. At this timesince the current supply source 
from power supply Vpp to the point 2 is only a thing through the small transistor P3 of 
drive capabilityit can drop the point 2 from Vpp to 0 for a short time. 
[0034]Since one [ when the potential of the point 2 is set to OPV is turned on and 
the gate potential of P2' is still in 0 by work of a delay element at this time and / 
transistor P2' ] stillThe charge up of the potential of the point 4 is carried out to Vpp 
from 0 for a short time by the series circuit of large transistor PV of current drive 
capabilityand P2'. 

[0035]After the charge up of the point 4 is carried out and potential becomes Vppthe 
point 5 also becomes Vpp via delay-element D'Since the gate voltage of transistor P2' 
serves as Vppthe current which transistor P2* becomes off and flows into the series 
circuit of transistor P2' and PV becomes zero. 

[0036]Since 0 potential of the point 2 is impressed to the gate and transistor P3' is 
one at this timethe potential of the point 4 is maintained at Vpp. Heretransistor P3* is 
serving to stabilize latch operationand is a transistor with a small W/L value of the 
level which bars the leak current of each MOS transistornoisea soft erroretc. 
[0037]Nextif an input changes from 0 to Vqc in the time t3transistor N2* tends to 
become one and tends to reduce the potential of the point 4 to zero compulsorily. 
Since the potential of the point 1 is set to 0 at this timethe transistor N2 is come by 
off. 

[0038]Howeversince the potential of the point 2 is still Otherefore the gate voltage of 
transistor PT is Obut since the gate potential of transistor P2' has still become with 
Vppthe transistor is off. [ the transistor ] 

[0039]Thereforecurrent does not flow into the series circuit of large transistor PV of 
current drive capabilityand P2'. Since current flows into the point 4 from power supply 
Vpp since one [ it replaces with it and / transistor P3* ]but transistor P3' has small 
drive capabilitythe potential of the point 4 descends from Vpp to 0 for a short time. 
[0040]Since one [ when the potential of the point 4 is set to Othe transistor P1 is 
turned onand the gate potential of the transistor P2 still has it in 0 by work of a delay 
element at this time and / the transistor P2 ] stillThe charge up of the potential of 
the point 2 is carried out to Vpp from 0 for a short time by the series circuit of the 
large transistors PI and P2 of current drive capability. 

[0041]After the charge up of the point 2 is carried out and potential becomes 
Vppsince the point 3 also becomes Vpp via the delay element D and the gate voltage 



of the transistor P2 serves as Vppit becomes off [ the transistor P2 ]and the current 
which flows into the series circuit of the transistors P2 and PI is set to 0. At this 
timesince the zero potential of the point 4 is impressed to that gatethe transistor P3 
serves as oneand the potential of the point 2 is maintained at Vpp. 
[0042]As opposed to 0 inputted into the input 101 by the above operationand the 
binary signal which changes between VppSince the binary signal which changes 
between 0 and Vpp appears in the point 2 and this signal is impressed to the gate of 
the transistors Q1 and Q2the binary signal which changes between 0 and Vpp 
according to an input signal outputs to the output terminal 102. 
[0043]In [ if the conventional circuit shown in the circuit and drawing 5 of one 
example of this invention shown in drawing 1 is compared ] the conventional circuit 
( drawing 5 )Since potential of the point 2 was set to 0 from Vpp while extraction 
current with the transistor N2 and the inrush current through PMOS transistor PI 
competedwhen lowering the potential of the point 2 to 0 from Vppbig penetration 
current flowsAnd in order to take time for this current to flowfall time (fall time) had 
become a problembut. since according to the circuit ( drawing 1 ) of this invention it is 
only that current does not flow into the series circuit of the transistors PI and P2but 
current flows into the small transistor P3 of drive capability when lowering the 
potential of the point 2 to 0 from Vpp — low power consumption — and a high-speed 
level shifter is realizable. 

[0044]In the circuit of drawing It he delay element D and D' can be replaced by the 
resistance R1 and R1'. The transistor P3 and P3' can consist of the resistance R2the 
transistor P3 and resistance R2'and transistor P3'. Resistance can be given to the 
transistor P3 and P3' in that case. 

[0045]Thusthe circuit of the constituted level shifter is shown in drawing 3 . Since the 
circuit operation of this level shifter is theoretically [ as operation of the circuit of 

drawing 1 ] the samedetailed explanation is omitted. 

[0046]As compared with the circuit of drawing It he position of the transistors PI and 
P2 and the position of transistor PT and P2' were changed in the circuit of drawing 3 . 
Thussince it does not interfere even if it carries out position exchange of PlPI'and 
P2 and P2' respectivelywhen forming with an integrated circuitaccording to a circuit 
patternit can be made convenient arrangement. 

[0047]Since the level which can press down noise and leakage current may be 
sufficient as the current drive capability of the transistor P3 and P3'when forming a 
device with the process of TFT (thin film transistor)it can be formed by TFT of 
PMOS. 

[0048]Nextwith reference to drawing 4 the example of further others of this invention 
is described. In the figurethe circuit of the portions of P1P2N1N2PrP2'N1'N2'and the 
inverter 403 is shown in drawing l and since it is the circuit same with having 
mentioned abovedetailed explanation is omitted here. 

[00493The point that the circuit of drawing 4 differs from the circuit of drawing I The 



potential of the point 2 is taken [ that there are not the transistor P3 and P3*] out 
from the output terminal 402 through the series circuit of inverter I^Igand IjAnd it is 
that replace with the delay element D and D' ( drawing 1 )and the output of inverter Ig 
and the output of I3 are used. 

[0050]Thusin the level shifter changed into 3V logicfor example from 1V (bolt) 
logicsince the logic of 3V system can generally also be usedthe output of next step 
logic can be used instead of the delay element D and D'. 
[0051] 

[Effect of the Invention]By above-mentioned compositionsince the level shifter of this 
invention can abolish the big penetration current at the time of a level shiftit is useful 
for low power consumption. 

[0052]Since the charge up especially of the program voltages of a flash memory is 
carried out within a chip and they are making Vpp (about 1 2-20V)the effect is size 
when the efficiency of a pump is taken into consideration. 

[0053]Since the status switching (latch) of a circuit is latched only by charge or 
discharge current of a transistorit can carry out high-speed operation. 
[0054]since the drive from system of an input side does not call at a ratio 
circuitif it is Vcc>Vth (bias-power-supply voltage Vcc of a system — threshold V^^ 
— a large)the circuit will operate. Thereforethe level shift from the logical level in 
which CMOS operates is possible. 

[0055]The effect of the level shifter of the above thing to this invention is size at the 
future system-on-chip age when the circuit block of a multi power supply is 
intermingled. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a circuit diagram of one example of the level shifter of this invention. 
[Drawing 2] It is a wave form chart of the circuit of drawing 1 of operation. 
[Drawing 3] It is a circuit diagram of other examples of this invention level shifter. 
[Drawing 4] It is a circuit diagram of the example of further others of this invention 
level shifter. 

[Drawing 5] It is a circuit diagram of the conventional level shifter. 
[Drawing 6] It is a wave form chart of the circuit of drawing 5 of operation. 
[Description of Notations] 

101 Input terminal 

102 Output terminal 

104 Bias-power-supply terminal 

103 Inverter 

N2 and N2' Transistor for a drive 



P1-P3Pr - a P3' P type transistor 
N1an N1' N type transistor 
Q1Q2 output stage transistor 
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